The main aim of this study was to establish a correlation between the clinical and pathologic diagnosis of oral leukoplakia with a particular focus on epithelial dysplasia. We reviewed the medical records of 54 patients with a clinical and histologic diagnosis of oral leukoplakia who were seen at our center between 2002 and 2008. We found that the disease was more common in men (59.3%) than in women and we also detected a significantly greater prevalence of alcohol and tobacco consumption in men. The mean age of the patients was 62.57 years. Three patients had been histologically diagnosed with invasive cancer and 4 with carcinoma in situ. The most common lesion site for leukoplakias with severe dysplasia and invasive carcinoma was the lateral aspect of the tongue, the floor of the mouth, and the gums. It is therefore essential to include these sites in the clinical examination to aid early diagnosis. A higher degree of dysplasia should be suspected in non-homogeneous leukoplakias. While dysplasia is associated with a greater risk of malignant transformation, it is also important to monitor leukoplakias without dysplastic features as they can occasionally be the site of carcinoma.
Introduction
Based on work by the Pindborg school, the World Health Organization (WHO) defined leukoplakia in 1978 as a white patch or plaque that cannot be rubbed off or characterized as any other disease. The WHO also stated that it was not a histopathologic entity as it was characterized by a wide variety of microscopic alterations. This essentially clinical definition of leukoplakia still holds today. At the first international conference on leukoplakia held in Malmö, Sweden in June 1983, it was decided to refine the definition by adding that the condition was not associated with any chemical or physical causative agents except tobacco. In 1994, the WHO defined oral leukoplakia as a predominantly white lesion of the oral mucosa that cannot be characterized as any other definable lesion. Two years later, Axell et al (1) extended this definition by adding that some oral leukoplakias can transform into cancer. In a more recent publication, leukoplakia was defined as "white plaques of questionable risk having excluded (other) known diseases or disorders that carry no increased risk for cancer" (2) . Nowadays, certain authors recommend that an initial clinical diagnosis of leukoplakia should be considered provisional and confirmed histologically if the lesion persists after 2-4 weeks and when all other possible etiologic risk factors have been ruled out (3) . Leukoplakia shows characteristic histologic findings such as epithelial hyperplasia, hyperkeratosis, and/or hyperparakeratosis, with or without epithelial dysplasia or carcinoma. It is the most common precancerous lesion of the oral cavity. Leukoplakia and erythroplasia are the 2 precancerous lesions par excellence of the oral mucosa. The risk of malignant transformation of leukoplakia with dysplasia has been reported to be high as 43% (4) , hence the need for regular monitoring. Increased malignant potential may be associated with certain clinical characteristics such as lesion type, size, and site, dysplasia, and tobacco use. Nevertheless, no clear correlation has been found between clinical and pathologic diagnosis because seemingly similar lesions may be histologically different. This highlights the need for epidemiological studies to determine clinical and histopathologic characteristics of leukoplakia that shed light on the behavior of these lesions and contribute to the early detection of oral cancer (3).
Objectives
1. To determine the most common lesion sites and clinical oral forms in a series of 54 patients and determine possible etiologic factors. 2. To establish a correlation between the clinical and pathologic diagnosis of oral leukoplakia, with a focus on epithelial dysplasia.
Materials and Methods
We reviewed the clinical records of 54 patients who were diagnosed with oral leukoplakia both clinically and histologically at the unit attached to the Master Degree Course in Oral Medicine, Oral Surgery, and Implantology at Universidad de Santiago de Compostela, Spain, between 2002 and 2008. All the biopsy samples had been preserved in 10% formaldehyde and sent to the pathology department at Hospital Clínico Universitario de Santiago de Compostela, where they were analyzed by the same pathologist. We analyzed the following variables: sex, age, place of residence (urban vs rural environment, defined as having fewer than 2000 inhabitants), personal and family history of cancer, tobacco and alcohol use, mouthwash use, concomitant systemic diseases, response to previous treatment, lesion site, presence of single or multiple lesions, lesion surface, symptoms, time since onset, treatment, type of leukoplakia, lesion color and size (largest diameter), keratosis, and dysplasia. All the data were analyzed using version 15.0 of SPSS for Windows. Statistical significance was set at a p value of <.05.
Results
Oral leukoplakia lesions were more common in men than in women (59.3% vs 40.7%), which corresponds to a male to female ratio of 1.45:1. The mean (SD) age of the patients was 62.57 (12.75) years, with a range of 33 to 92 years. The majority of patients (79.6%) were aged between 50 and 79 years ( Fig. 1) . As can be seen in figure 2, there was a tendency for oral leukoplakia to present earlier in men (mean age, 60 years) than in women (mean age, 66.27 years). Almost two-thirds of the patients (63%) lived in an urban environment, contrasting with 37% who lived in a rural environment. A personal and family history of cancer was detected in 7.4% and 41.7% of the patients, respectively. On analyzing smoking, we found that 48.1% of the patients were non-smokers, 33.3% were smokers, and 18.5% were ex-smokers. Within the group of smokers, 50% smoked black tobacco and a slightly lower percentage (44.4%) smoked blond tobacco. A single patient smoked a pipe. Most smoked more than 20 cigarettes a day. The second largest group smoked 10-20 cigarettes a day, and the smallest group smoked fewer than 10 cigarettes a day. None of the ex-smokers had smoked fewer than 10 cigarettes a day and the majority had smoked 10-20 cigarettes a day. All the smokers had been smoking for more than 10 years, with a majority (29.6%) reporting a smoking history of more than 20 years. Most of the ex-smokers had e834 quit over 10 years previously. The next largest group had quit between 1 and 4 years earlier, followed by those who had quit between 5 and 9 years earlier. Only 1 patient had quit the habit in the preceding year. We found that patients who smoked black tobacco smoked more than those who smoked blond tobacco. In the black tobacco group, for example, 77.8% smoked more than 20 cigarettes and the remaining 22.2% smoked 10-20 cigarettes a day. In the blond tobacco group, 62.5% smoked between 10 and 20 cigarettes a day, 25% smoked fewer than 10 cigarettes a day, and just 12.5% smoked more than 20 cigarettes a day. All of the patients who smoked black tobacco (n=9) had been smoking for more than 20 years. Of those who smoked blond tobacco, 75% had been smoking for more than 20 years and 25% had started between 10 and 20 years previously.
Over half of the group (55.6%) did not drink alcohol; 1.9% drank occasionally, 33.3% drank less than 500 cc a day, 5.6% drank more than 500 cc day, and the remaining 3.7% were ex-alcoholics. Almost all of those who drank (90.9%) drank wine and/or beer only. The remaining 9.1% drank wine, beer, and spirits. Patients who smoked the most were also regular drinkers (significant association, p=.01). The most common systemic diseases were hypercholesterolemia and rheumatic diseases (both detected in 16.7% of the sample). The lateral aspect of the tongue was the most common lesion site (25.9% of patients), followed by the gums (18.5%), the buccal mucosa (16.7%), the floor of the mouth (9.3%) the palate, lip, and ventral surface of the tongue (each 7.4%), and, finally, the dorsal surface of the tongue and behind the commissures (each, 3.7%). The e835 most common sites in younger patients were the commissure areas (mean age, 44 years) and the palate (mean age, 53.5 years). In elderly patients, the most common sites were the dorsal surface of the tongue (mean age, 72 years), the lip (mean age, 66 years), and the floor of the mouth (65.2 years). The most common lesion sites in men were the buccal mucosa and the floor of the mouth; in women, they were the lateral aspect of the tongue and the gums. The lips were equally affected in men and women. The association between sex and lesion site was not statistically significant (p>.05). More patients had single lesions than multiple lesions (61.1% vs 39.9%). Almost half (48.1%) of the patients did not remember when the lesions had appeared; 31.5% reported a time since onset of over 12 months. The other times since onset reported were 3 to 6 months (9.3%), under 3 months (7.4%), and 6 to 12 months (3.7%). Homogeneous leukoplakia was the most common type of leukoplakia detected (present in 51.9% of patients), followed by verrucous leukoplakia (35.2%), erythroleukoplakia (9.3%), and nodular leukoplakia (3.7%). One of the 2 patients with erythroleukoplakia had mottled leukoplakia. The most common sites by type of leukoplakia were the lateral aspect of the tongue for homogeneous leukoplakia, the gums for verrucous leukoplakia, and the gums and behind the commissures for nodular leukoplakia. The buccal mucosa was involved in the patient with mottled leukoplakia. The mean (SD) lesion size was 2.2 (1.54) cm. Based on the classification system proposed by Axéll et al (1) , half of the lesions were L1 lesions (<2 cm), 38.9% were L2 lesions (2-4 cm), and the remaining 11.1% were L3 lesions (>4 cm).
On reviewing the histopathologic results, we observed that 74.1% of lesions had no dysplastic features; 93% had mild dysplastic features, 3.7% had moderate dysplastic features, 7.4% had severe dysplastic features or carcinoma in situ, and 5.6% had invasive carcinoma. Degree of dysplasia was significantly associated with type of leukoplakia (p=.007) ( Table 1) but not with lesion size. Dysplasia was significantly more common in patients with a family history of cancer than in those without (p=.02) but we found no association between degree of dysplasia and personal history of cancer. We observed a trend, without statistical significance, towards a predominance of no dysplastic features in younger patients. All of the cases of invasive carcinoma were in patients in their 60s. Although also without statistical significance, lesions with moderate or severe dysplasia or invasive carcinoma were more common in women, something which is worth considering as a possible marker for poor prognosis (Fig. 3) . The association between lesion site and degree of dysplasia was not statistically significant ( Table 2) . We also found no association between clinical surface and degree of dysplasia. It is noteworthy that only 1 of the 3 carcinomas diagnosed caused pain. No significant association was found between lesion size and degree of dysplasia. According to the staging system proposed by van der Waal & Axéll (3) van der Waal et al (5), 38.9% of the lesions were stage I, 33.3% were stage III, 11.1% were stage II, and 3.7% were stage IV. Of the 54 patients analyzed, 7 had carcinoma, 4 of which were staged as TisNoMo and 3 of which were staged as T1NoMo. 
Discussion
Our observation that leukoplakia was slightly more common in men than in women is consistent with the majority of reports from the literature (6-8), although there is a tendency for the difference in frequency between sexes to decrease (male to female ratio in our study, 1.45:1). This may be because smoking is becoming increasingly common in women. Like us, Scheifele et al (9) found that leukoplakias were diagnosed earlier in men than in women, although in our case the dif- Table 2 . Association between degree of dysplasia and lesion site Fig. 3 . Percentage association between degree of dysplasia and sex. ference was not statistically significant. In the study by Scheifele et al, conducted in the USA in 2003, the most common age group for the diagnosis of leukoplakia was 40-49 for men. In women, it was 70 years and above. In our series, the majority age group for diagnosis in both men and women was the sixth decade of life. In our sample of 54 patients, 79.6% of the lesions were diagnosed in patients between the ages of 50 and 79. In a study conducted in India in 2005, however, Mishra et al (10) reported that the most common age group for the diagnosis of oral leukoplakia was 21-30, followed, in e837 order, by the 31-40, 41-50, and 11-20 age groups. These data are striking as they contradict other reports. They might be due to lifestyle habits (fundamentally smoking, which is highly prevalent in India) and/or reflect idiosyncrasies of the sample. Our findings are consistent with previous reports of both a cause-and-effect relationship between tobacco and leukoplakia (7, (11) (12) (13) and a dose-response relationship (13) . Indeed, it is well known that lesions improve in patients who quit smoking. Fisher et al (14) , in contrast, in a case control study, did not find a significant association between oral leukoplakia and the daily use of alcohol and smoking, possibly because of an inadequate sample size. They did, however, find a significant association for chewing tobacco.
Degree of dysplasia Lesion site
Morse et al (8) observed that alcohol consumption was more strongly associated with oral carcinoma than with epithelial dysplasia, particularly where drinks such as beer and spirits and high consumption levels were concerned. Our findings are consistent with these observations as in our series 55% of the patients did not drink and within the group of drinkers, only 6% drank more than 500 cc of alcohol a day. Dietrich et al (15) found a significant association between the prevalence of oral leukoplakia and diabetes mellitus. We were unable to confirm this association due to the small proportion of patients with diabetes in our series (5.6%). Hypercholesterolemia and rheumatic diseases were the most common systemic diseases in our series. Consequently, perhaps the possible influence of hypercholesterolemia on the development of leukoplakia should be further investigated. Nonetheless, the high proportion of patients with hypercholesterolemia and rheumatic disease detected in our series might be simply due to the relatively advanced ages of the patients in our series as many of these diseases tend to occur in the later decades of life. It is also worthy of note that 35.2% of our sample had no systemic disease. Scheifele et al (9) found that 52.3% of patients with homogeneous leukoplakia smoked; the corresponding percentage for those with non-homogeneous leukoplakia was 66.7%. The percentage of smokers in the homogenous leukoplakia group in our series was significantly higher, at 46.43%, contrasting with just 19.23% in the non-homogeneous leukoplakia group. Nevertheless, the association between smoking and lesion type was not statistically significant in our study. Zhang et al (16) reported that certain areas of the oral cavity (the floor of the mouth, the ventral and lateral aspects of the tongue, and the soft palate) had greater malignant potential and that lesions located in low-risk zones were genetically different to those located in high-risk zones (containing genetic profiles associated with carcinoma in progression). We also believe that lesions in certain sites present a greater risk of malignant transformation as the carcinomas detected in our series were located on the lateral aspect of the tongue, the gums, and the floor of the mouth. Nonetheless, in a recent study of leukoplakia, Holmstrup et al (12) found that malignant potential was independent of lesion site. Mishra et al (10) observed that 0.54% of nodular leukoplakias, 15.2% of verrucous leukoplakias, and 20% of mottled leukoplakias were histologically diagnosed as malignant. In our series, the corresponding figures were 100% for erythroleukoplakias and 15.8% for verrucous leukoplakias, suggesting that certain clinical types of lesions have a tendency to become malignant. The association between type of lesion and degree of dysplasia in our series was statistically significant (p=.007). It is widely accepted that epithelial dysplasia and the risk of malignant transformation are considerably less common in homogeneous leukoplakias, but this does not obviate the need for a biopsy. Because the value of assigning a clinical score to degree of dysplasia has been questioned, a number of studies in recent years have been conducted to develop cellular and molecular markers capable of indicating the risk of malignant transformation of dysplastic epithelium and to predict behavior over time, something which cannot be done effectively with degree of dysplasia (11, 17) . While promising, however, such techniques have still not succeeded in replacing conventional histopathology but they have gained a position as complementary methods. There is no doubt that advances in molecular biology will provide improved tools for the diagnostic and prognostic evaluation of dysplastic lesions. Even though the diagnosis of dysplasia is essentially subjective and certain recent studies have failed to find an association between degree of dysplasia and subsequent development of leukoplakia lesions, a histologic finding of epithelial dysplasia is currently considered to be the best indication of the existence of a greater risk of malignant transformation.
Conclusions
1. The most common lesion site in our series was the lateral aspect of the tongue. 2. Homogeneous leukoplakia with the most common clinical form. 3. Tobacco was the main causative agent identified but the role of alcohol should not be ignored. 4. Certain sites, such as the lateral aspect of the tongue, the floor of the mouth, and the gums, are associated with a greater risk of malignant transformation. 5. Erythroleukoplakias and verrucous leukoplakias have the greatest malignant potential.
